It has (lefinitely been established in the past decade that plants can be adversely affected by high concentrations of fluoride in the atmosphere as well as by high concentrations of soluble fluoride in the soil. There now exists a fairly extensive bibliography concerning sources of fluorine contamination, injury patterns on plant foliage, and species sensitivity to fluorine compounds (1, 2, 3, 5, 6, 7, 8, 9, 10, 13) . This paper deals with experiments designed to trace the fate of fluoride in growing plants as a result of exposure to a constant total amount of hydrogen fluoride gas administered at various time-concentration levels.
METHODS
Soil-grown tomato and corn plants were used in this experiment. The tomato series (variety Rutgers) was represented only by the blossom stage; whereas the corn series (variety U.S. 13 ) included two stages of growth, the early tassel and ear stages.
The fumigation apparatus consisted of a glass enclosed chamber, 4' x 5' x 6', which provided for a complete air exchange once every minute. Fluorine was injected into the air stream of the chamber from a tlhermostatically controlled wooden structure where it was evolved by dripping paraffin oil from a funnel in which the oil level was held constant, through a calibrated capillary tube into a polyethylene container filled with an air-hydrogen fluoride mixture. The displaced fluorine was passed through polyethylene tubing into a flue where it was uniformly mixed with incoiming water-scrubbed air. A series of baffles providedl for uniform mixing and distribution of the gas mixture throughout the chalmber. The concentration of fluoride in the chamber was determined by continuously withdlrawing an air sample at a height of according to the standard procedure for fluoride determination (12) . The concentration of hydrogen fluoride could be changed by varying the bore or length of the capillary tube, the speed of air exchange in the chamber, or the original air-hydrogen fluoride mixture. In these experiments, concentrations ranging logarithmically from 0.01 ppm to 1.0 ppm fluoride were desired. Actual concentrations evolved were 0.005, 0.10, and 0.65 ppm. All fumigations were continuous and were carried out at temperatures of 25 to 300 C and relative humidity of 56 to 60 %.
The experimental plan is indicated in table I. Twelve plants of each species were fumigated under each set of conditions, hereafter referred to as long- Corn, in general, was more sensitive to fluorine than tomato. Symptoms developed more rapidly, and the injured area was more extensive. Corn fumigated at the tassel stage was even more sensitive than that fumigated at the ear stage. Similarly, as with tomatoes, the greatest injury in corn was derived from the short-high fumigation. In all three periods of the long-low fumigation the resulting injury was characterized by mottling of the mature foliage with only slight tip and marginal burn of the younger tissue. MIottling in corn has also been reported by Thomas (10) (1, 2, 3, 5, 10, 13) . In regard to expression of visible injtlry, hydrogen fluoride was found to parallel sulfur dioxide in that the degree of injury l)roduced by a given total amount of the gas increased wit,h the rate of application (11) .
ANALYSES: Fluoride determinations were made according to a modification of the method of Willard and Winter (12 (4) .
In order to illustrate the effect of leaf age of fluori(le accumulation in tomato and corn, the ratio of fluoride in older tissues to that in younger tissues was calculated from the original data by determining the total leaf content and obtaining weighted averages. These ratios indicate that the more mature tomato leaves accumulated more fluoride than did the younger leaves during all periods of the long-low fumigation, the average ratio for all treatments being 1.5. This corresponds to the distribution gradient found in treating plants through the roots with sodium fluoride, where the mature leaves always accumulated more fluoride than did the younger leaves (1). During the intermediate fuimigation, young and mature leaves accumulate(d almost equial amouints of fluoride, giving an a-erage ratio of 1.0. In the short-high fumigation, on the other hand, the trend observed in the long-low fumigation wits reversed in that young leaves generally accumulated more fluoride than mature leaves, the average ratio in this case being 0.8. In attempting to explain the high ratio in the case of the longlow fumigation, dilution by growth cannot be entirely ruled out, but numerous calculations from previous experiments (1) have indicated that such dilution is not solely responsible for the low fluoride content of the younger leaves. Thus is was concluded that as the fumigation level was increased the ratio of the fluoride content of the mature leaves to the fluoride content of the young leaves was reduced.
With respect to leaf age, unlike tomato, the mature corn leaves always showed a higher fluoride content than did the younger leaves. The calculated ratio of fluoride of the old/young leaves tended to be lower (1.3 in both the intermediate and short-high) than in the long-low fumigation where it was 2.3. Two exceedingly high ratios at the beginning of the long-low fumigation were not included in the average.
In comparing different portions of a particular corn leaf, fluoride accumulation was always greatest at the tip and decreased with distance away from the tip, both in the tassel stage and in the more mature plants. Since new growth is initiated at the base of a corn leaf, this is a further expression of the principle that fluoride uptake tends to be more pronounced in the old than in young tissues.
The question frequently arises as to the fate of fluoride after it has been taken up by the plant. It is conceivable that a certain amount may be absorbed in gaseous form externally on the leaf, or internally on the suirface films of water bordering intercellular spaces; or it may exist in other forms within the plant tissues combined with organic or inorganic cell constitueents. To gain some idea of the disposition of fluoride in plants, various post-harvest treatments were applie(l to tomato and corn foliage. Table IV indicates the retentive capacity, or the percentage of total fluoride accumulation (treatment A) which was retained against post-harvest treatments B, C, and D by tomato and corn leaves during each fumigation period. Each value represents the weighted average for leaf tissue of entire plants. In both tomato and corn there was a trend toward greater fluoride retention with increased fumigation level. At the end of the long low fumigation both species showed the lowest retention averages, 46 % for tomato and 55 % for corn, as against 78 % and 72 %, respectively, after the intermediate fumigation, and 81 % for both species at the end of the short-high fumigation. With regard to post-harvest treatments, allowing plants to stand for one week following fumigation resulted in a greater fluoride retention than did subjecting the leaves to immediate washing. This was most pronounced at the late stages of the higher level fumigations where very little fluoride was lost by diffusion into the air. 
SUMMARY AND CONCLUSIONS
Soil grown tomato and corn plants were subjected to a given total amount of fluoride as HF, administered at varied time-concentration levels designated as long-low, intermediate, and short-high fumigations, with the purpose of tracing the fate of the fluoride accumulated within the plants. 1 . In both tomato and corn injury appeared more severe when the fluoride gas was administered in a short-high concentration dosage than when this same amount of gas was administered over a more protracted period. Corn was the more sensitive of the two species.
2. In both species there was an increased fluoride accumulation as the fumigation level was increased. Tomato has a fluoride-accumulating capacity approximately twice that of corn under all circumstances.
3. Mature leaves of both species accumulated greater quantities of fluoride than did younger leaves as a result of the more protracted fumigaions. At the shorter higher level fumigations the ratio of fluoride in mature to that in young corn leaves decreased to a certain point and then leveled off, whereas in tomato the ratio continued to decrease as fluoride concentration was increased. This ratio of old to young persisted whether applied to mature and young portions of a leaf (as in corn), mature and young leaves on a single plant, or mature and young plants of a single species. 4 . These experiments corroborated earlier findings that a certain amount of absorbed gaseous fluorine is dissipated from both tomato and corn foliage during the short period of time after a long-low fumigation. Washing the foliage removed even more fluoride than did natural diffusion. 5 . Fluoride retention in both species was greater as the result of a short-high fumigation than of longer and lower levels. The rate at which fluoride was absorbed and retained during the course of a fumigation was more or less uniform in the case of corn. In tomato there was a tendency for the rate to slow down in the late stage of the fumigation.
